Bearings nowadays are often subjected to misalignment. Both theoretical and experimental misaligned bearings have been previously studied, it being found that the minimum film thickness is the parameter which is most noticeably affected. However, other work has showed that both thermal and deformation effects have to be considered when a bearing is subjected to severe operating conditions. The present work analyzes the influence of thermal effects, as well as the effects of mechanical and thermal deformation on misaligned bearing performance.
INTRODUCTION
The thermoelastohydrodynamic study (TEHD) was carried out on a single-groove, steadily loaded, plain journal bearing. Our main focus here is on results of the numerical simulations. The theoretical analysis being presented and detailed elsewhere [1] , we will outline only the procedure used in the numerical part.
The pressure field is determined by solving the generalized Reynolds equation under classic assumptions. The viscosity is deduced from the three-dimensional film temperature using the relationship proposed by McCoull and Walther. The temperature field in the lubricant film is calculated from the energy equation while, in the solid, the temperature field is determined by solving the Laplace equation. The local film thickness h is determined, taking into account the bearing geometry (radial clearance, eccentricity and attitude angle), the radial displacement of the bush and the shaft, and the misalignment of the shaft in the bush. The details of the numerical procedure are to be found in previous work [2] .
RESULTS AND DISCUSSION
The first part of this work deals with a comparison between experimental data and both THD and TEHD numerical results. The bearing used for the experiments has a 100 mm diameter and a length of 80mm. The lubricant is an ISO VG 32 oil. The complete characteristics of the operating conditions, as well as bearing and lubricant characteristics, can be found in previous work [3] . This comparison between experimental and numerical results is made for a rotational speed of 4,000 rpm and a radial load of 9 kN. In order to draw attention to the most extreme differences, we focus on the greatest misalignment, which is 70 N.m. Table1. Results for the misaligned bearing (70 N.m) operating at 4,000 rpm and loaded at 9 kN. Table 1 gives the results of the simulations for the misaligned bearing. The TEHD simulation gives a higher eccentricity which leads to a lower film thickness. Thus, the maximum pressure is increased by more than 5%. The higher eccentricity allows misalignment to have a greater effect. As a consequence, the amplitude of misalignment is 17% higher. All these phenomena are mainly due to an increase in operating radial clearance, as pointed out by THD simulation with thermal expansion which gives similar results (Tab. 1). The film becomes thicker, except in the minimum film thickness zone. This leads to an increase in axial flow rate (33%) and thus to a decrease in maximum temperature of more than 1K.
The discrepancies between THD and TEHD results are less than those observed between experimental data and THD simulations [1] . Whether or not the deformations are taken into account has no significant influence on the results obtained from numerical simulations. The comparisons made between experimental and numerical (THD) results in previous work thus remain valid. September 12-16, 2005, Washington, D.C Table 2 . Results for the severely misaligned bearing (M=300 N.m) operating at 3,000 rpm and loaded at 50 kN The second part of this work relates to a numerical study of a severely misaligned bearing. For the case studied, the rotational speed was 3,000 rpm and the applied radial load was 50 kN. The feeding temperature was 50°C. The bearing was subjected to a high misalignment torque (M=300 N.m). The direction of the misalignment torque was perpendicular to the radial load direction (ψ=90°). Compared to the TEHD results (Tab. 2), the THD calculation underestimates the amplitude of misalignment by 17% because of the operating radial clearance which is not calculated. It overestimates slightly the attitude angle (+2.1°) as well as the dissipated power (+5%) and the axial flow rate (+2%). The maximum temperature, the average shaft temperature, the eccentricity and the angle of misalignment remain almost constant. Due to the increase in operating radial clearance, the maximum pressure determined using the TEHD modeling is lower (18%) than that obtained with the THD modeling. Figure 1 shows the pressure field in the plane of maximum pressure. One can note that TEHD simulation allows the pressure field to be more extended, decreasing the maximum pressure. When comparing THD and TEHD simulations, it can also be observed that the location of the maximum pressure remains nearly constant axially and circumferentially.
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The shape of film/bushing interface temperature is slightly modified as depicted in fig. 2 . A little increase in maximum temperature can be also noted. Figure 3 presents the axial variation of the film thickness at angular coordinate of minimum film thickness. A significant increase in film thickness can be observed, it being 29% higher than that obtained with THD simulation.
The most significant result is the increase in film thickness when the deformations are considered in the numerical simulations. Another fact which could be pointed out is that the greater the bearing load, the less the influence of misalignment on the bearing performance. Indeed, even if the misalignment torque is high (M=300 N.m), very few characteristics of bearing performance are modified by its presence.
CONCLUSION
When the misalignment is not too severe, the bearing element deformations generally have little influence on bearing performance. Thus the shaft eccentricity, the degree of misalignment and the maximum pressure are barely modified, while the other characteristics remain almost constant. This observation confirms that the THD model, as used in a previous work, is sufficient for analyzing bearing performance under medium misalignment torque. The main differences are caused by the increase in operating radial clearance due to the thermal expansion of bearing elements.
